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Description * v . 

; ; TECHNICAL FIELD w 

s- The present invention is directed to a selective permeable membrane for separation erf a Ijqiiid solution, 
and more particularly to such a membrane adapted in use to selectively, separate a particular volatile 
component from its liquid solution containing another volatile component, for example, to separate thb water 
. from a water-alcohol mixture, solution. 

, 70 BACKGROUND ART 

{./■;:..•• In order to separate a liquid solution such as a water-alcohol solution, "rt has been proposed to use a 

I • selective permeable membrane particularly suitable to a pervaporation method in which the membrane is in 

contact with the liquid solution for separation of the liquid solution. Included in the membrane for separation 

.75 of. water-methanol mixture is a cellophane membrane as proposed in the article "Japanese Polymer 
Science Symposium. No. 41, 145" in 1973, and a graft polyvinyl alcohol membrane as proposed in the 
article "Japanese Polymer Science Vol. 26, 3223" in 1081. Further. Japanese Patent Publication (KOKAI) 
No. 62-4407 discloses a chitosan-vinyl monomer membrane for separation of water-ethanol mixture, and 
Japanese Patent Publication (KOKAI) No. 62-7403 discloses a chitosan salt membrane for separation of 

20 water-alcohol mixture. 

Unfortunately, these membranes have been found to be insufficient in its separation efficiency and 
failed to come into industry practice. The separation efficiency of the membrane can be evaluated in terms 
of a separation factor a. which indicates that the membrane allows a particular component of the liquid 
solution to selectively permeate therethrough when a being greater than 1 and indicates a greater 

25 separation efficiency with increasing value of a. as discussed hereinafter. The above membranes without 
chitosan show a separation factor only in the order of several tens and even the membranes including 
chitosan cannot have the separation factor increased to a sufficient level for commercial practice. 

DISCLOSURE OF THE INVENTION 

The present invention eliminates the above insufficiency in the separation of liquid solution and provides 
a unique permeable membrane made of a chitosan derivative having superior separation efficiency. 
Chitosan is a cab'onic polymer obtained by deacetylation of chitin and soluble in a dilute acid. Chi tin is a 
straight chain polysaccharide forming the supporting structure of Crustacea, fungi, and the like available 

35 from abundant natural resources. In accordance with the present invention, chitosan is cross-linked by 
aldehyde to form a selective permeable membrane for liquid separation which has an increased separation 
efficiency not expected by the prior membrane prepared by simple deacetylation of chitosan. Such 
increased separation efficiency is assumed to come from an increased density of the membrane achieved 
by the cross-linking. In addition, due to the hydrpphilic property of chitosan, the dialdehyde cross-linked 

40 chitosan membrane shows superior separation efficiency particularly for water-and-organic solvent solution. 
Included in aldehyde Is a dialdehyde which is primarily utilized in the present invention for cross-linking of ; 
chitosan by dehydration-condensation of reactive amino groups contained in the molecule of chitosan and 
aldehyde groups of dialdehyde. as shown in the following formula: 



45 




55 wherein n represents an integer of 200 to 20.000. and R represents a group of formula: 
• (CFfeJm ' wherein m represents an integer of 1 or more, or more, or 
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Monoaldehyde may be aiso utilized as an aldehyde for cross-Hnking of chitosan wherein monoaldehyde 
reacts with amino groups of chitosan to form methyjol groups which are to be condensed with each other 
by dehydration and/or condensed with other amino groups of chitosan by dehydration to effect cross-linking 
to of chrtosari.. . 

FIG. i is a schematic view showing a vessel in which a selective permeable membrane of the present 
invention is adapted in use to effect liquid separation in liquid-to-vapor phase by pervaporation method; 

and : \ 

FIG. 2 is a schematic view showing a vessel in which the selective permeable membrane of the present 
75 invention is adapted in use to effect liquid separation in vapor-to-vapor phase by evapomeation method. 

MODES FOR CARRYING OUT THE INVENTION , 

An aldehyde cross-linked chitosan membrane in accordance with the present invention can be prepared 
■ ■. 20 in the following methods. In one method, chitosan is dissolved in an aqueous solution of acetic acid which 
solution is then spread evenly on a suitable supporting surface and dried to form a membrane: The 
resulting membrane is then soaked in an aqueous solution of sodium hydroxide to be neutralized followed 
by. being washed and dried to obtain a chitosan membrane. Further, the chitosan membrane is soaked in an 
aqueous solution of dialdehyde including a dilute acid as a catalyst to proceed cross-linking and is then 
25 washed and dried to obtain the dialdehyde cross-linked chitosan membrane having selective permeability. 
The other method comprises the steps of dissolving chitosan into an aqueous solution of acetic acid, adding 
to this solution an aqueous solution of dialdehyde including a dilute acid as a catalyst, spreading the 
mixture solution on a suitable supporting surface, drying it to obtain the membrane, soaking the resulting 
membrane in an aqueous solution of sodium hydroxide to neutralize it, washing and drying the same to 
30 obtain the dialdehyde cross-linked chitosan membrane. When monoaldehyde is utilized to obtain an 
aldehyde cross-linked chitosan. the same steps may be utilized to react chitosan with monoaldehyde with 
the condensation of methylol groups. 

Preferably, chitosan employed in the present invention has a molecular weight of 50,000 to 5,000.000 
and is deacetylated up to 60 - 100 %. Dialdehyde utOized for the above cross-linking includes glyoxal. 
35 malondialdehyde, succindialdehyde, glutardiaJdehyde; adipicdialdehyde, maleindialdehyde. phthaldiai- 
dehyde. iso-phthaidiaidehyde. teiephthaldialdehyde. and dialdehyde starch. Included in monoaldehyde are 
formaldehyde, acetaldehyde. propionaldehyde. The aldehyde cross-linked membrane of the present inven- 
tion is preferred to have a thickness riot more than 200 urn. ' 

The aldehyde cross-linked membrane thus obtained is adapted in use for liquid separation by 
40 "pervaporation (permeation-vaporation) method". FIG. 1 illustrates the principle of the "pervaporation 
method" which utilizes a vessel 2 divided by the membrane 1 into an upper solution chamber 3 and an 
lower vacuum chamber 4. The upper solution chamber 3 is filled with a liquid solution 5 containing more 
than one volatile or evaporizable component such as water and alcohol in an alcohol-water solution. By 
evacuating the tower vacuum chamber 4. a particular component of the liquid solution 5 is allowed to 
45 preferentially permeate through the membrane 1 into the vacuum chamber 4 and is evaporated therefrom. 
Thus, the particular component can be collected as being separated from the liquid solution 5. In the 
opposite sense, the liquid solution from which the substantial amount of the particular component is 
removed can be recovered from the solution chamber 3. With this pervaporation method utilizing the 
permeable membrane 1. liquid separation can be effected successfully without causing any membrane 
so pressurization as seen in the conventional reverse osmosis method. Further, the aldehyde cross-linked 
chitosan membrane exhibits preferential permeability to water due to its hydrophilic property, therefore it is 
found most effective for separation of water-andorganic solvent solution such as water-alcohol solution: 

As an alternative liquid separation method with the use of the membrane, the inventor has proposed in 
the pending patent application No. 87 11 8319.0 filed ori December 10. 1988, an "evapomeation (evaporation 
55 permeation) method" which is characterized to separate a particular component from its liquid solution 
through the membrane in vapor-to-vapor phase. The principle of the "evapomeation method" is illustrated in 
FIG. 2 which utilizes a vessel 6 divided by the permeable membrane 1 into an upper vacuum chamber 7 
and a lower solution chamber 8. A clearance or space is provided between the undersurface of the 
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membrane 1 and the surface of the liquid solution 5 stored in the solution chamber 8- so as, to Iceep the 
. permeable membrane 1 out of direct contact with the liquid solution 5. As evacuating the vacuum chamber 
7, the solution chamber 8, which is in air communication therewith through the permeable membrane 1, is 
correspondingly evacuated to cause the liquid solution to evaporate. When the vapor from the liquid solution 
thus evaporated comes into contact with the permeation membrane 1. it is allowed to permeate through the 
membrane 1 as it diffuses therein and is forced to enter the vacuum chamber 7 under the effect of the 
vacuum. Since the permeable membrane 1 allow a particular component to selectively permeate in 
preference to the others, it is readily possible to complete the separation either by collecting the component 
having passed into the vacuum chamber 7 through the permeable membrane 1 or by collecting the 
remaining solution in the solution chamber B from which the component has been removed. As seen in the 
above, the separation of the liquid solution 5 can be carried out in vapor-to-vapor phase permeation through 
the membrane 1 Consequently, the membrane 1 can be kept free from substantial swelling which is 
inherent where the membrane is in direct contact with the liquid solution as in the above pervaporation 
method, effectively preventing the permeable membrane from lowering its permeation efficiency. It is noted 
in this connection that the membrane of the present invention shows a remarkably superior separation 
efficiency for water-alcohol separation when utilized in the above "evapomeation separation method", or 
shows a maximum separation factor a of infinite value, as discussed hereinafter with reference to examples 
of the present invention. 

When, the permeable membrane of a reduced thickness is utilized, it is preferred to place the 
membrane on a support member for reinforcing reinforce the membrane enough to resist against a negative 
pressure developed therebehind. The support member may be in the form of a net or a porous substrate, 
for example, a porous unwoven fabric of polypropylene fibers or polyester fibers, a porous film of 
tetrafluoroethylene or polysutione. or porous ceramic plate/ 

: The present invention will be discussed with reference to the following examples, which are provided by 
way of illustration and not by way of limitation. 

Example 1 

2.0 g of chitosan powder having ah average molecular weight of 50.000 to 100,000 and being 
deacetylated up to 99.1 % was dissolved into 200 g of an aqueous solution of 1N acetic acid and stirred 
overnight at 25*C. The resulting solution was filtered through a glass-filter and deaired. Subsequently the 
solution was spread on a silicon finished glass plate and dried at 60* C for 5 hours to form a membrane of 
chitosan-acetate. After being peeled off, the chitosan-acetate membrane was soaked in an aqueous solution 
of 1N sodium hydroxide overnight to be neutralized and was thoroughly washed and dried under a reduced 
pressure at a room temperature to obtain a 20 urn thick chitosan membrane. 

The chitosan membrane was soaked into a 0.4 % aqueous solution of glutaraldehyde to which an 
aqueous solution of 0.5 N sulfuric acid was added as a catalyst and left for 15 minutes at a room 
temperature in order to cross-link chitosan with glutaraldehyde, which membrane was subsequently washed 
and dried under a reduced pressure at room temperature to give a 20 urn thick dialdehyde cross^finked 
chitosan membrane. 

The dialdehyde cross-linked membrane thus obtained was utilized as the permeable membrane dividing 
the vessel 2 of FIG. 1 into the upper solution chamber 3 and the lower vacuum chamber 4. Samples 1 to 8 
which are aqueous solutions of different ethanol concentrations, were each introduced into the solution 
chamber 3 in order to preferentially permeate the water through the membrane by evacuating the vacuum 
chamber 4 down to a pressure of 1.333 . 10~* mbar (10-* Terr), at a solution temperature of 40 *C. A 
separation factor a and a permeation rate Q were obtained for each sample for evaluation of permeation 
efficiency of the membranae, as listed in Table 1. 

The separation factor * in Tabfe-1 is introduced to indicate the weight ratio of a particular component 
being separated to the liquid solution from which the particular component is separated and is accordingly 
defined in this instance by the following equation: 

Y H2o/*ETOH 
a = • 



X H2(/ X ETOH 



wherein Xh2o and Xetqh are fractions of water and ethanol respectively in aqueous ethanol solution received 
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'in the . -solution chamber, 'while* Yhm ' and'- V^rifo fractions of water and ethanot respec^vely;*a^ ; v - 
permeating, through the membrane as measured in the subsequently liquified phase. As apparent from the .- • 
. above relation; when or is greater than 1, it means that the Water has passed through the membrane in a . ' 

greater amount than the ethanol and that the water is flowed to pass preferentially 
5 to a larger extent as the value or becomes greater. K is noted in this connection that the permeation rate 6 
. in Table i is defined as a rate at which the water and ethanol haying the proportion represented by the 
value a has permeated through the membrane per unit time and unH area 
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Comparative Example 1 

The chHosan membrane before being aoss-linked with glutaraldehyde in Example 1 was utflized as tha 
membrane to carry out the separation of water-alcohol solution in the same manner as in Example 1 Like 
samples of different , ethanol concentrations Were each tested to. provide the separation factor « and 

7 . . 
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-permeation rate Q under the same conditions as in Example 1 ; the test results are also listed in Table :1 ; 

As apparent from Table 1, it is confirmed that Example 1 utilizing the dialdehyde cros^iinked chitosan 
membrane shows the separation factor of up. to several hundreds, whfle Comparative ficample 1 utilizing the 
simple chitosan membrane shows the separation factor in the order of several tens, which demonstrates: 
5 that Example 1 has superior separation efficiency of preferentially separating the water, from the alcohok 
, water solution as compared to Comparative Example 1. 

Example? •.*' *• 

70 The same dialdehyde cross-lihked chitosan membrane as obtained in Example 1 was utilized as a 
permeable membrane to effect liquid separation for water-ethanbl solution in accordance with the 
'evapomeation method" utilizing the vessel 6 of FIG. 2. Like samples 1 to 8, which are aqueous solutions of 
different ethanol concentrations, were each introduced into the solution chamber 8 in order to preferentially 
permeate the water through the membrane by evacuating the vacuum chamber 7 down to a pressure of . 

75 1.333 . 10- 2 mbar (KT 2 Ton), at a solution temperature of 40* C. A separation factor a and a permeation 
rate Q were obtained for each sample for evaluation of permeation efficiency, as listed in Table 2. 

. Comparative Example 2 

20 The same chitosan membrane as obtained in Example 1 before being cross-linked with glutaraldehyde 
was utilized to effect liquid separation in the like manner as in Example 2 to present the separation factor a 
and the permeation rate Q for each sample, as listed in Table 2. In Table 2, the values enclosed by braces 
for the column "ethanol concentration [wt %] in water-ethariol solution" represent respective conversion 
values for ethanol concentration [wt %] in vapor, and the like conversion values are shown as enclosed by 

25 braces for each column of "separation factor " and *« x Q". 



30 



35 



40 



45 



50 



55 



8 



EP 0 311 882 B1 



70 



75 



20 



25 



30 



35 



40 



<5 



50 









■ — »i 
















Or 


CO 


10 to 


•>-« IA 


o — * 




w ■M 




t 






* 




q> cm 


CO cb 




CM M» 




■ \ 






• » 








* * 


* 




CM 




'•o . 




O CO 


CM lO 


* -v. " 

. *^ CM 


CM CM 


CM 














«w • 








8) 




















<— < 


. c ■ 


















fi 




















a 




co 




CO 




•4 


• 

CM . 






'■•'a - 






•"-4 » 










O ' 


-*r 


- « ■ 






















o s 


o 


o 


o 


. o : 




' o ■ 


w 


w 




S <D \ 


















^ j OC 


















> . 






















t< — » 


















• -> 




















etJ 




















t-i 


C 


















: a5' 


o • 


















0* 




















0 


«J . 


















o • 






(A CO 


c** to 




• • ^_ • _ 

CO 




CM 




o 


0 . 




CO 


CM 


CM tO 


CO to 


w 






















• CM 






Ml w 9 


















Cj> 40 w* 
























































CO 








CO "*T 








c** O) 


CO' 


o 




\P 














. « 


* 








CO 00 


a a 

. u P 


p a 


a a 


CO CO 


CO 


o 






^ o 








00 


CO 










CO 
















O 








































O • 
























o 


«o 


^4 • 


CO 


CO 




y> 








CM 


•—4 




o 


o . 


o 


o 










*" 


• 


* 


• 


* 


. * 




Ail ' a 


O 


o 


o 


o 


o 


o 


o 


o 




» W ^» 






































flj flt «d - 


















CM 




















0> 






















c 


















a 


o 


















B 


•r* 


















at 








































txi 


L ft 












C^ 


CO 






09 4^ 






a ft 


A ft 

P u 


9 p 


IO O) 


o 










CM LO 


• *■* 






to c** 


CM- 






a) co d 




r-4 








■ CM CM 


CM 






n *— i 






































o b 




















c c 








— 












+-> <XJ 




o> 






CO 


CO 


CO 




























o 


O CO 


o o 






O O 


IO 


o 










CO CO 


IO <D 






o> 


o 


C 


1 ^ 


















-c 




















03 


o -p a> d 


















JS 


C * +JrH 


















*J 


0 « 0 


















ej 


a u- > co 
























CM 


co 




IO . 


•• 


C^ 


CO 




8 ftn o 



















55 



As seen from Table 2. Example 2 utilizing the dialdehyde cross-linked membrane of the present 
invention shows greater values both in the separation factor d and permeation rate Q wibl respect to every 
samples 1 to 8 of differing ethanbl concentrations than ^ Comparative Example 2 utilizing simple chrtosan 
membrane. Particularly, with regard to samples 3 to 5 for water-ethanol solutions having ethanol concentra- 
tions of 30 to 70 wt%, the separatbn factor a is found to be «> indicating that 100 % of the water is allowed 
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to permeate through the membrane in preference to etharioL Accordingly, the dialdehyde cross-finked 
chrtosah membrane is confirmed to have a remarkably high separation efficiency specifically for ethanoJ- 
* water solution having such ethanbl concentrations: From the comparison between the results of Table i and 
Table 2... it is also, concluded that the dialdehyde cross-linked membrane exhibits a superior separation 
5 efficiency when utilized in the "evapomeation method" than in the "pervaporation method". 

. The features disclosed in the foregoing description, in the claims andi/or in the accompanying drawings . 
may, both separately and in any combination thereof, be material for realising the invention in diverse forms 
. thereof. ' 

to LIST OF REFERENCE NUMERALS ' .; 
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20 



1 

2 
3 
4 
5 
6 
7 
8 

Claims 



permeable membrane 
vessel 

solution chamber . 
vacuum chamber 
Dquid solution \ 
vessel 

solution chamber 
vacuum chamber 



25 



1. A permeable membrane for selectively separating one or more volatile components from a liquid 
solution containing other volatile or evaporizable components, said membrane being made of.ehitosan 
cross-linked with an aldehyde^ 



2. A permeable membrane as set forth in claim 1, wherein said aldehyde cross-linked chrtosah is 
represented by the folbwing general formula: 



30 



35 



CH 2 0H 



CH 2 OH 




40 



wherein n represents an integer of 200 to 20,000, and R represents a group oi formula: 
. - X0H2)m - wherein m represents an integer of 1 or more, or 



45 




50 



A membriane as set forth rn claim 1, wherein said chrtosah has a molecular weight of between. 50,000 to 
5.000,000 and is deacetylated up to 60 to 100 %. 



Revendicatlons 
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Membrane permeable pour la separation selective d'un ou plusieurs composants volatils d'une solution 
liquide contenant d'autres composants volatils ou evaporables. ladrte membrane 6tarit constitute de 
chrtosane reticul^ par un aldehyde. 
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X Membrane permeable selon la revindication 1. dans laqueile ledh chjtosane r^ticui$ par uri aldShyde 
est 'represents par la formula gSne*rale suivante * ' 



CH-OR 
H Jh^O 



CH-OH 
H A - O: 




is dans laquelle n repr^sente un nombre eritier de 200 a 20 000 et R reprSsente un grbupe de formule 
-(CH2 jm- oti m reprSsente uri nombre entier egal ou supSrieur a 1 ou 



20 




25 3. Membrane selon fa revindication i, dans laquelle ledit chitosane a un poids mole*cuiaire corriprte entre 
50 000 et 5 000 000 et fl est desac6tyk§ jusqu'a 60 a 1 00 %. \ 

Patentansprliche 

30 1. Durchlassige Membran zum selektiven Trenrien einer oder mehrerer fiOchtiger Bestandteile von einer 
fltissigen Losung, die andere flbchtige oder verdampfbare Bestandteile enthalt, wobei besagte Mem- 
bran aus mrt einem Aidehyd vernetztem Chrtosan hergesteltt ist. 

2; Durchlassige Membran nach Anspruch 1. dadurch gekennzeichnet, dai* besaigtes mit Aidehyd vernetz- 
35 tes Chitosan durch die folgende allgemeine Formel dargesteilt wird: 



40 



45 



CH 2 OH 



CH-OH 
H X —. 0< 




in der n eine ganze ZaW von 200 bis 20.000 darsteflt und R folgende Gruppe von Formeln darstellt 
so - (CH 2 Xh - . wobei m eine gahze ZaW von 1 oder mehr darstellt. oder 
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Fig. I 
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Fig. 2 
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